Paul C. Haughey, Reg. No. 31,836, Tel. (650) 326-2400 
Attorney Docket No.: 0091 03-022600 US 
Title: Pulse Oximeter with Alternate Heart-Rate Determination 
Applicant: Clark R. Baker, Jr. 
Sheet/ of 3 




Paul C. Haughey, Reg. No. 31,836, Tel. (650) 326-2400 
Attorney Docket No.: 009103-022600US 
Title: Pulse Oximeter with Alternate Heart-Rate Determination 
Applicant: Clark R. Baker, Jr. 
Sheet >1 of 3 



06 Algorithm Architecture: 



Percent 
Modulation 



\ 

Front-End Servo 
Settings and ID 



-Pre-Processed Waveforms- 



Compute 
Signal Quality 
Metrics 



I 



Metrics 



Detect Sensor-Off 
and Loss of Pulse 
Amplitude 

r 



Sensor-Off 
Indication 



\ 



s 0 Front-end ID or noise floor, 

HeacLSensor to mitigate venous pulsation 

Degree of ^ ^ g 

arrhythmia, " ^ r 



Raw IR and Red 

Digitized Waveforms 

i 



Pulse Amplitude 



7 



variations, 

individual 

pulse quality 

Pulse Beep 

Notification 

i 

Average 



Pulse Identification 
and Qualification 



Signal 
Conditioning 



I 

Qualified Pulse 



Lowpass 
Waveforms 



Periods and Age 

± D 



Pulse Period 



Lowpass and Ensemble 



Average -Average 



Pulse 
Periods 



Pulse 
Period 



Averaging Weights 



Normalized . Pre-Processed Waveforms, 
Lowpass and Ensemble Averaging weights" 



Resp ons e^ 
Mode 



Estimate Filtered 
Waveform Correlation 
and Calculate 
Averaging Weight 



LP 



Lowpass Filter 
and 
Ensemble 
Averaging 



Filtered IR and Red 
Waveforms and Age 



Averaging Weight 



no. 



& 



Calculate and Average 
Ratio-of-Ratios 



Pre-Processed 
Waveforms 



Lowpass Filter 
and 
Ensemble 
Averaging 



ECG Triggers 
if available^ 



IR fundamental, 
for zero-crossing 
triggers 

Kvi— -L- 



Filtered 
IR and Red 
Waveiforms 
and Age 



Calibration 
Coefficients 



Averaged Ratio-of-Ratios and Age 

1 uH 



Calculate Saturation 



Detect 
Venous 
Pulsation 



Saturation 



Venous 

Pulsation 

Indication 



Figure 2 



Front-end ID 
or noise floor, 
Head_Sensor 
to mitigate venous 
puls ation^ 



Filtered Pulse 
Identification and 
Qualification 



I 

Qualified Pulse Periods and Age for use only 
when a pulse is disqualified by the top Pulse 
Identification and Qualification block 



Pulse 



Rate 



Average Pulse 
Periods and Calculate 
Pulse Rate 



T 



Paul C. Haughey, Reg. No. 31,836, Tel. (650) 326-2400 
Attorney Docket No.: 009103-022600US 
Title: Pulse Oximeter with Alternate Heart-Rate Determination 
Applicant: Clark R. Baker, Jr. 
Sheet ^ of 3 



Qualified JPulse _Period t 
Qualified _Period_Age 

\ 

Alternative _ \ Notify _Pulse_Rejected 
Period Source 

Increment "' 
Reinitialize ( p , R \ Rate'_Age 



Avg^Period I p u l se Rate 

Rate ' JJpdated 
Rate^ge \^ 




Figure 3. Context Diagram for 
Pulse Rate Calculation Subsystem 



